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Aim To compare the national reference percentile values 
for body height, weight, and body mass index (BMI) of chil-
dren and adolescents in Slovakia with international stan-
dards and to analyze growth trends in this population.
Methods The study was designed as a repeated cross-
sectional survey. Two nationwide anthropometric surveys 
(NAS) performed in 2001 and 2011 assessed body weight, 
height, and BMI of 38 692 children aged 7 to 18 years. 
Age- and sex-specifıc smoothed percentiles were gener-
ated with the lambda-mu-sigma method. Slovak standards 
were compared with World Health Organization (WHO) 
2007 z-scores and International Obesity Task Force (IOTF) 
standards.
Results Medians of body height corresponded to the 
75th-85th percentile of the WHO 2007 standards. The sec-
ular trend of height increase was attenuated, and the final 
body height did not change between NAS 2001 and NAS 
2011. The cut-off BMI values for obesity, set at the 97th per-
centile for age <14 years, were higher across age ranges 
than WHO 2007 standards but lower than IOTF standards. 
Obesity prevalence, relatively low in 2001 (<3%), doubled 
during the following decade (P < 0.001), with the highest 
values (4.8%-7.6%) observed in children aged up to 13 
years.
Conclusion NAS 2001 data were chosen as national 
growth standards, as these data were not influenced by 
the obesity rates increase in the period between the sur-
veys. BMI cut-offs were lower than those in most European 
countries. Obesity proportions in prepubertal and puber-
tal boys might be overestimated when WHO 2007 cut-offs 
are used.
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Child and adolescent growth and development are impor-
tant indicators of nutritional status and health. To identify 
developmental deviations and impending health prob-
lems, it is necessary to have adequate standards and ref-
erence values. International and generally accepted stan-
dards, such as those set by the World Health Organization 
(WHO) Child Growth Standards (1), Centers for Disease 
Control and Prevention (CDC) 2000 (2), and International 
Obesity Task Force (IOTF) (3) were derived from cross-sec-
tional surveys using representative samples. They enable 
the comparison of growth patterns of different popula-
tions or epidemiological data estimates of malnutrition, 
overweight, and obesity. While the WHO 2007 classifica-
tion provides z-scores of body height, weight, and BMI for 
sex and age (1), IOTF approach bases age- and sex-specific 
BMI cut-off points for overweight and obesity in children 
on percentiles analogous to the adult BMI of 25 and 30 
kg/m2, respectively (3). However, these do not consider 
growth rate and secular population trends, which is why 
there is a need for standards that would more objectively 
assess developmental trends and nutritional status at indi-
vidual and population levels.
Slovakia had had a sustained tradition of growth studies of 
children long before WHO recommendations were made. 
The first nationwide anthropometric survey (NAS) of chil-
dren and adolescents in former Czechoslovakia was con-
ducted in 1951. Notable differences between Czech and 
Slovak populations of children and youths observed in the 
first representative studies have been gradually decreasing 
(4,5). In the meantime, several studies used growth data to 
assess the impact of social, environmental, and behavioral 
factors (6-8). After the dissolution of Czechoslovakia, trans-
verse representative surveys in Slovakia have continued in 
10-year intervals and served as a valid source of reference 
data for the population aged 0-18 years. They showed sec-
ular changes in child and adolescent anthropometric pa-
rameters (body height, weight, and circumferences) (9,10).
The latest NAS was carried out in 2011. Since NAS 2001 
did not exclude outliers and references took no account 
of skewness of weight and BMI, we revised and recalculat-
ed these standards according to Cole (11). The aim of this 
study was to provide up-to-date national reference val-
ues for school-aged children and adolescents aged up to 
18 years in Slovakia. Moreover, we compared our nation-
specific references with other EU countries (12-15) and 
international standards (1,3), to analyze time trends and 
compare overweight and obesity prevalence. Our hy-
pothesis was that the latest BMI percentile distribu-
tion of school-aged children and adolescents in Slovakia 
would be substantially modified by the increasing obesi-
ty prevalence in industrialized countries (16,17), and that 
Slovak-specific reference values for both sexes would differ 
systematically from the international standards across age 
ranges, as WHO 2007 standards were based on American 
population assessed 40 years ago, and IOTF standards as-
sessment included only two European populations (British 
and Dutch) (3) and was based on different principles than 
WHO and Slovak standards assessments.
PaRtiCiPants and metHods
Participants
The study was designed as a repeated cross-sectional com-
parative survey using data from two surveys, NAS 2001 and 
NAS 2011. Both surveys were coordinated by the Ministry 
of Health and Institute of Hygiene, Faculty of Medicine of 
the Comenius University in Bratislava and approved by the 
Ethics Committee of the Public Health Authority of the Slo-
vak Republic in Bratislava, No. 4/2001 and No. 12/2011, and 
performed in accordance with the Declaration of Helsinki. 
The parents were fully informed about all study procedures 
and provided the informed consent.
The survey was conducted in elementary and secondary 
schools in the entire territory of Slovakia. Data were col-
lected by experienced staff of 36 Regional Public Health 
Authorities from all Slovakian districts. This ensured a bal-
anced sampling proportional to the population density in 
both rural and urban parts of Slovakia. The lists of primary 
and secondary school pupils were provided by the Minis-
try of Education, Science, Research and Sport of the Slo-
vak Republic. Proportionate stratified random sampling 
according to the number of children and adolescents (sep-
arately boys and girls) in the respective age groups was 
performed by Regional Public Health Authorities. Since the 
region size and the number of children and adolescents in 
each region varied, the selection interval was chosen so 
that the number of participants from each region would 
amount to at least 1%-2% of the population of that age 
in the respective region. The NAS 2001 was conducted in 
September-October 2001 and the NAS 2011 in Septem-
ber-October 2011. Measurement procedures were based 
on the best recommended practices (18,19). Chronologi-
cal age was calculated as the decimal age by subtracting 
the observation date from the birth date. The exclusion cri-
teria were those defined by WHO and included diseases 
affecting growth (hormonal, metabolic, and genetic) and 
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birth weight <1500 g (1). After anomalies and erroneous 
data (3%-5%) were removed, the final data set in NAS 2001 
consisted of 20 596 participants and the final data set in 
NAS 2011 consisted of 18 096 participants. The population 
registry from the Statistical Office of Slovakia included 919 
390 children and adolescents aged 7-18 years in 2001, and 
692 973 in 2011. Therefore, our sample represented on av-
erage 2.3% of the entire population of interest in 2001 and 
2.6% in 2011, ranging between 1.2%-3.1% depending on 
the age group.
methods
Body height was measured in barefoot participants stand-
ing against a wall (tape gauge mounted on the wall with 
zero at the pad) to the nearest 0.1 cm. Body weight was 
measured using a personal calibrated scale in participants 
in underwear, to the nearest 0.1 kg. BMI was calculated in-
dividually as the ratio of weight (kilograms) to height (me-
ters) squared and rounded to 3 decimal places.
Reference values were determined using the LMS Chart 
Maker Pro software, version 2.54, developed by Pan and 
Cole (20), which fits smooth centiles to reference data us-
ing the lambda-mu-sigma (LMS) method (21). Z-scores, 
percentile values (3rd, 10th, 25th, 50th, 75th, 90th, and 
97th), and curves were set at 0.5 years intervals. They were 
compared to the z-scores according to WHO 2007 and 
IOTF grades by LMSgrowth 2.77, a Microsoft Excel add-in 
to access growth references (22). The same program was 
used to identify 10-year time trends in anthropometric pa-
rameters measured by NAS 2001 and NAS 2011.
statistical analysis
The data are presented as mean values and standard de-
viations (SD) and percentile values by age and sex. Prev-
alence rates are expressed as percentages. Differences in 
mean body height and weight between NAS 2001 and 
NAS 2011 and between boys and girls were evaluated by 
ANOVA. The prevalence of overweight and obesity in NAS 
2001 and NAS 2011 by sex and age groups was compared 
using χ2 test. The level of significance was set at P < 0.01. 
The statistical analysis was performed using Statgraphic 
Centurion (STATGRAPHICS® Centurion version XVI, Stat-
Point Technologies, Inc., The Plains, VA, USA).
Results
descriptive statistics of basic anthropometric 
parameters
Distribution of participants included in NAS 2001 and 
NAS 2011 according to sex and age is presented in Table 
1. Boys up to 12 years old grew yearly by an average of 
5.3 cm. The growth velocity culminated between 12.5 and 
14.5 years, with the height increment of 14.5 cm. Thereaf-
ter, the growth slowed down but continued until 18 years. 
Although growth acceleration in boys was more pro-
nounced in NAS 2011 than in NAS 2001, the final mean 
height did not change. The median age at voice change in 
boys was 13 years (intersextile range 12-14 years). The me-
dian age at menarche was 12 years (intersextile range 11-
13 years). The highest growth velocity in girls was observed 
from 10 to 12 years, with the increment of 12.8 cm. During 
this period, girls were significantly taller than boys accord-
ing to NAS 2001, but not according to NAS 2011 (Table 2 
and Table 3).
Maximum weight gain in boys was delayed by 1 year af-
ter the growth spurt (+11.2 kg from 13-15 years). A simi-
lar delay was observed in girls, with an increment of 8-9 
kg from 11-13 years (Table 3). The weight gain in girls 
considerably slowed down from the age of 13 to the age 
of 18 years (on average by 1.4 kg/y), but boys were still 
gaining 2.5 kg/y. Boys were heavier than girls (P < 0.001), 
except in the age group 10-11 years. In the 10-year peri-
od between the surveys, mean body weight significantly 
increased (P < 0.001) across the whole age range on av-
erage by 3.3 kg (1.5-5 kg) in boys and 2.1 kg (0.8-3.6 kg) 
in girls. In both surveys, after the age of 12 boys were 
taller (P < 0.001) and heavier than girls (P < 0.001). On 
the whole, significant increases in weight across 
table 1. Children and adolescents involved in nationwide 
anthropometric surveys (nas) 2001 and nas 2011 in slovakia 
according to sex and age groups
2001 2011
age (years) boys girls all boys girls all
 7 879 874 1753 714 715 1429
 8 988 946 1934 714 716 1430
 9 817 825 1642 723 723 1446
10 746 774 1520 707 718 1425
11 781 850 1631 713 713 1426
12 816 852 1668 700 716 1416
13 872 859 1731 714 718 1432
14 524 464 988 707 706 1413
15 1361 1265 2626 838 818 1656
16 1148 1062 2210 854 837 1691
17 1161 1120 2281 857 827 1684
18 314 298 612 824 824 1648
Total 10 407 10 189 20 596 9065 9031 18 096
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the whole age range during the 2001-2011 decade were 
not proportional to height. Therefore, percentile refer-
ence values for anthropometric parameters were based 
on NAS 2001 data.
Comparison of percentile values
Medians of height in our population were by 2.5-3.0 cm 
higher than WHO 2007 standards, corresponding approx-
imately to z-score 0.6-1 or the 75th-85th percentile (Fig-
ure 1A), except for 14-17-year-old girls in 2001 (z-score 
from 0.33 to 0.475). Over the next 10 years, these values 
changed only slightly, by a maximum of 0.2 index units (IU) 
(Tables 4-9).
Median BMI in 2001 was almost identical to WHO 2007 
standards, except in 16-18-year-old girls, with z-score -0.25 
or 40th percentile (Figure 1B). Median BMI in 2011 in the 
age group of 9-15 years significantly increased by 0.7-1.6 
IU (P < 0.001). However, in older girls it returned to zero, 
whereas in boys it remained higher by 0.5 IU than Slovak 
and WHO 2007 standards. The respective z-scores accord-
ing to WHO 2007 standards in boys ranged from 0.2 to 0.7 
IU, and in girls up to 0.5 IU (Figure 1).
table 2. mean values of body height ± standard deviations (sd) in children and adolescents in the nationwide anthropometric 
survey (nas) 2011 in slovakia and their changes since nas 2001
body height (mean ± sd)
boys Girls sex differences
in 2011 changed since 2001 in 2011 changed since 2001 2001 2011
age (years) cm cm P cm cm P P P
7 127.5 ± 6.3 0.01 0.969 126.5 ± 6.3 0.19  0.684 <0.001 <0.001
8 132.9 ± 6.5 0.26 0.424 132.4 ± 6.2 0.41  0.240 <0.001  0.102
9 138.4 ± 6.7 -0.14 0.685 138.1 ± 7.2 1.07 <0.001 <0.001  0.381
10 144.2 ± 7.1 0.70 <0.001 144.3 ± 7.6 1.05 <0.001 0.490  0.915
11 150.3 ± 7.8 1.62 <0.001 150.6 ± 7.6 -0.12  0.601 <0.001  0.401
12 156.3 ± 8.6 1.17 0.007 157.1 ± 7.5 0.77 <0.001 <0.001  0.055
13 164.0 ± 8.8 1.15 <0.001 160.2 ± 7.0 -0.57  0.089 <0.001 <0.001
14 170.9 ± 8.6 2.26 <0.001 162.9 ± 6.7 -0.08  0.839 <0.001 <0.001
15 175.8 ± 7.6 0.75 0.020 164.6 ± 6.1 -0.81  0.003 <0.001 <0.001
16 177.6 ± 7.1 -0.52 0.097 164.8 ± 6.6 -1.02  0.030 <0.001 <0.001
17 178.4 ± 7.1 -0.70 0.020 165.2 ± 6.0 -0.60  0.003 <0.001 <0.001
18 179.3 ± 6.7 -0.25 0.542 165.4 ± 6.5 0.04  0.931 <0.001 <0.001
table 3. mean values of body weight ± standard deviations (sd) in children and adolescents in the nationwide anthropometric 
surveys (nas) 2011 in slovakia and their changes since nas 2001
body weight (mean ± sd)
boys Girls sex differences
in 2011 changed since 2001 in 2011 changed since 2001 2001 2011
age (years) kg kg P kg kg P P P
 7 27.5 ± 6.4 1.5 <0.001 26.5 ± 6.1 1.2 <0.001 <0.001 <0.001
 8 30.5 ± 7.2 1.6 <0.001 30.2 ± 6.9 1.9 <0.001 <0.001  0.040
 9 34.4 ± 8.7 1.8 <0.001 34.0 ± 8.2 2.5 <0.001 <0.001  0.002
10 38.9 ± 10.0 3.1 <0.001 38.9 ± 9.6 3.6 <0.001  0.313  0.962
11 43.9 ± 11.0 4.4 <0.001 43.4 ± 10.5 2.4 <0.001 <0.001  0.461
12 49.3 ± 6.1 5.0 <0.001 48.7 ± 10.6 3.2 <0.001 <0.001  0.020
13 54.8 ± 13.0 4.2 <0.001 52.1 ± 10.4 1.8 <0.001 <0.001 <0.001
14 61.0 ± 12.7 4.8 <0.001 55.6 ± 11.0 3.4 <0.001 <0.001 <0.001
15 66.0 ± 12.9 3.9 <0.001 57.4 ± 10.2 1.9 <0.001 <0.001 <0.001
16 69.1 ± 12.6 3.0 <0.001 57.7 ± 10.5 0.8  0.080 <0.001 <0.001
17 72.1 ± 12.9 2.9 <0.001 58.2 ± 9.1 0.8  0.030 <0.001 <0.001
18 74.1 ± 12.2 3.9 <0.001 59.3 ± 10.1 1.8  0.011 <0.001 <0.001
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overweight and obesity definitions
The cut-offs for overweight and obesity in Slovakia were 
traditionally set at the 90th and 97th percentile of BMI, re-
spectively. We compared these cut-offs with WHO 2007 
and IOTF definitions expressed as z-scores and IU of BMI 
(Figure 2). The cut-offs for overweight in boys were higher 
(0.6-1.7 IU) compared with both WHO 2007 and IOTF stan-
dards, corresponding to z-scores of 1.2-1.8. In girls, the dif-
ferences did not exceed 1.2 IU or z-score 1.5. Discrepancies 
with WHO 2007 standards in both sexes decreased with 
age. Discrepancies with IOTF standards ranged from -0.3 IU 
(17-year-old girls) to 1.3 IU (7-year-old boys).
The cut-offs for obesity in younger boys matched IOTF 
definitions. WHO 2007 cut-offs for boys up to 13 years 
of age were much lower (by 1.0-1.9 IU) than Slovak and 
IOTF cut-offs. These disparities decreased with age, and 
FiGuRe 1. Z-scores according to World Health organization (WHo) 2007 standards corresponding to medians of body height (A) and 
body mass index (bmi) values (B) in slovak population computed from nationwide anthropometric surveys (nas) 2001 and nas 2011 
data. open square – boys 2001; open circle – girls 2001; filled square – boys 2011; filled circle – girls 2011.
FiGuRe 2. Comparison of slovak and World Health organization (WHo) 2007 or international obesity task Force (iotF) cut-offs for 
overweight expressed as differences in body mass index (bmi) values; blue – boys by WHo, red – girls by WHo; empty, blue border 
– boys by iotF, empty, red border – girls by iotF (A) and respective z-scores; filled square – boys by WHo, filled circle – girls by WHo, 
open square – boys by iotF, open circle – girls by iot F (B).
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table 4. Percentile values and z-scores of body height in boys derived from the nationwide anthropometric survey 2001 in slovakia
z-score -1.881 -1.282 -0.674 0 0.674 1.282 1.881
Percentile 3 10 25 50 75 90 97
age (years)
 7.0 112.88 116.60 120.35 124.47 128.55 132.18 135.75
 7.5 115.51 119.28 123.08 127.27 131.44 135.17 138.82
 8.0 118.06 121.89 125.75 130.02 134.28 138.10 141.85
 8.5 120.54 124.42 128.35 132.71 137.06 140.97 144.82
 9.0 122.95 126.90 130.90 135.35 139.80 143.81 147.77
 9.5 125.30 129.32 133.40 137.94 142.50 146.61 150.67
10.0 127.58 131.68 135.84 140.49 145.15 149.37 153.54
10.5 129.86 134.04 138.30 143.05 147.83 152.15 156.43
11.0 132.22 136.50 140.85 145.72 150.61 155.04 159.43
11.5 134.77 139.14 143.60 148.59 153.60 158.14 162.64
12.0 137.59 142.07 146.64 151.74 156.87 161.52 166.12
12.5 140.73 145.32 149.99 155.20 160.44 165.17 169.86
13.0 144.19 148.86 153.61 158.90 164.21 169.01 173.76
13.5 147.86 152.57 157.35 162.68 168.02 172.83 177.59
14.0 151.57 156.28 161.05 166.35 171.66 176.44 181.16
14.5 155.15 159.80 164.51 169.74 174.97 179.67 184.31
15.0 158.34 162.90 167.52 172.64 177.76 182.36 186.90
15.5 160.94 165.40 169.92 174.93 179.93 184.43 188.86
16.0 162.92 167.30 171.73 176.64 181.54 185.94 190.27
16.5 164.39 168.70 173.06 177.88 182.70 187.03 191.29
17.0 165.47 169.72 174.02 178.79 183.54 187.81 192.01
17.5 166.31 170.52 174.77 179.49 184.19 188.41 192.57
18.0 167.05 171.22 175.43 180.10 184.76 188.94 193.06
18.5 167.75 171.88 176.06 180.69 185.31 189.45 193.53
FiGuRe 3. Comparison of slovak and World Health organization (WHo) 2007 or international obesity task Force (iotF) cut-offs for 
obesity expressed as differences in body mass index (bmi) values; blue – boys vs WHo, red – girls vs WHo; empty, blue border – boys 
vs iotF, empty, red border – girls vs iotF (A) and respective z-scores; filled square – boys by WHo, filled circle – girls by WHo, open 
square – boys by iotF, open circle – girls by iot F (B).
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the values from three classifications became similar, cor-
responding to z-scores of 1.8-2.2 (Figure 3). Slovak cut-
offs for younger girls were similar to WHO 2007 cut-offs, 
but cut-offs for older girls were lower by 1.5-2.5 IU than 
WHO 2007 and by 2.0-3.0 IU than IOTF limits (z-score 1.5-
1.8) (Figure 3).
obesity prevalence
WHO 2007 obesity cut-offs for boys are set at lower BMI 
values (by 0.6-0.8 IU) than those for girls. Consequently, 
obesity prevalence in age groups <13 years was highest 
when WHO 2007 cut-offs were used (Figure 4). When Slo-
vak and IOTF cut-offs were used, it yielded similar results 
in boys, while in girls it was lowest when IOTF standards 
were used. In children aged up to 11 years, no sex differ-
ences were found when either of these cut-offs was used. 
However, obesity rates according to WHO 2007 standards 
in boys aged up to 13 years were nearly two times high-
er than in girls and much higher than IOTF or Slovak stan-
dards. In older age groups, they were highest when Slovak 
standards were used. Obesity prevalence in girls decreased 
with age, regardless of the standards used.
table 5. Percentile values and z-score of body height in girls derived from the nationwide anthropometric survey 2001 in slovakia
z-score -1.881 -1.282 -0.674 0 0.674 1.282 1.881
Percentile 3 10 25 50 75 90 97
age (years)
 7.0 112.47 115.95 119.50 123.45 127.42 131.00 134.55
 7.5 114.90 118.47 122.10 126.15 130.22 133.90 137.55
 8.0 117.31 120.96 124.69 128.84 133.03 136.81 140.57
 8.5 119.73 123.48 127.30 131.57 135.87 139.77 143.63
 9.0 122.20 126.06 129.99 134.38 138.81 142.81 146.79
 9.5 124.81 128.77 132.82 137.33 141.88 146.00 150.08
10.0 127.58 131.65 135.81 140.45 145.11 149.33 153.51
10.5 130.52 134.70 138.96 143.70 148.46 152.76 157.02
11.0 133.61 137.87 142.19 147.01 151.83 156.18 160.48
11.5 136.73 141.04 145.40 150.25 155.09 159.45 163.75
12.0 139.78 144.09 148.45 153.28 158.09 162.41 166.66
12.5 142.64 146.92 151.24 156.01 160.75 165.00 169.18
13.0 145.24 149.46 153.71 158.40 163.05 167.21 171.29
13.5 147.52 151.67 155.84 160.43 164.98 169.05 173.03
14.0 149.44 153.52 157.61 162.11 166.56 170.53 174.42
14.5 151.00 155.01 159.03 163.44 167.81 171.71 175.51
15.0 152.20 156.16 160.12 164.47 168.77 172.60 176.34
15.5 153.08 156.99 160.91 165.21 169.46 173.24 176.94
16.0 153.66 157.55 161.43 165.70 169.92 173.67 177.33
16.5 154.01 157.88 161.75 166.00 170.19 173.92 177.56
17.0 154.20 158.05 161.92 166.15 170.33 174.05 177.69
17.5 154.28 158.13 161.99 166.22 170.40 174.11 177.74
18.0 154.31 158.17 162.02 166.25 170.42 174.14 177.77
18.5 154.33 158.18 162.04 166.26 170.44 174.15 177.78
FiGuRe 4. Prevalence of obesity in 2011 using slovak (sVK), World Health 
organization (WHo) 2007, and international obesity task Force (iotF) stan-
dards. black – boys; gray – girls.
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As Slovak standards (set at 90th and 97th percentile) were 
derived from NAS 2001 data, the overweight and obesity 
rates that year nearly met the theoretically expected values 
of 7% and 3%, respectively. In the following 10 years, these 
proportions doubled. For cross-country comparisons, we 
chose IOTF cut-offs (Figure 5) to evaluate the changes dur-
ing the 2001-2011 period. In NAS 2011, overweight preva-
lence was higher (P < 0.001) in all subgroups, but the trend 
rise for obesity was even steeper, as it more than doubled 
across all ages. The highest increase in overweight, includ-
ing obesity, in girls was observed in the age group 10-12 
years (by 10%), although in the oldest age group it was 
only 3.7%. In boys, the prevalence was higher than in girls 
(P < 0.001), but its age-related increment variations were 
lower (10%-13%) (Figure 5).
disCussion
We confirmed our hypothesis that higher weight incre-
ments in NAS 2011 were not proportional to growth, 
which supports the choice of reference values based on 
the NAS 2001 data.
overweight and obesity definitions
Sex- and age-specific BMI cut-offs based on NAS 2001 
were lower than other nation-specific and IOTF standards. 
Cut-offs derived from 2011 data may be modified by an in-
crease in obesity (14,15,23-25) and are relatively high com-
pared with Slovak or Czech references (12). Although our 
hypothesis about differences between nation-specific ref-
erence values and international standards was confirmed, 
we did not expect such great discrepancies in sex and age, 
mainly from WHO 2007 cut-offs. These discrepancies can-
not be explained only by body height variations and secu-
lar trends in respective age groups and the entire popula-
tion. We have recently pointed out these inconsistencies 
in a study on 2795 children aged 7 years under the WHO 
European Childhood Obesity Surveillance Initiative (COSI) 
project in Slovakia (26). The obesity prevalence in boys in 
table 6. Percentile values and z-score of body weight in boys derived from the nationwide anthropometric survey 2001 in slovakia
z-score -1.881 -1.282 -0.674 0 0.674 1.282 1.881
Percentile 3 10 25 50 75 90 97
age (years)
 7.0 18.01 19.50 21.28 23.69 26.71 30.19 34.66
 7.5 18.85 20.42 22.32 24.90 28.17 31.96 36.87
 8.0 19.79 21.47 23.50 26.28 29.81 33.96 39.39
 8.5 20.80 22.59 24.77 27.76 31.59 36.13 42.16
 9.0 21.86 23.77 26.09 29.30 33.46 38.41 45.08
 9.5 22.91 24.95 27.43 30.88 35.36 40.74 48.05
10.0 23.95 26.12 28.77 32.45 37.26 43.07 50.98
10.5 25.01 27.32 30.14 34.08 39.23 45.44 53.93
11.0 26.13 28.60 31.62 35.83 41.33 47.96 56.97
11.5 27.37 30.02 33.27 37.78 43.65 50.68 60.13
12.0 28.77 31.65 35.16 40.01 46.27 53.67 63.47
12.5 30.40 33.54 37.35 42.57 49.22 56.96 66.97
13.0 32.33 35.75 39.88 45.48 52.50 60.52 70.62
13.5 34.55 38.27 42.71 48.66 56.01 64.20 74.29
14.0 37.06 41.04 45.76 51.99 59.57 67.87 77.85
14.5 39.80 43.98 48.89 55.31 63.03 71.37 81.25
15.0 42.57 46.86 51.86 58.37 66.13 74.45 84.24
15.5 45.16 49.47 54.48 60.99 68.72 76.99 86.68
16.0 47.45 51.73 56.71 63.16 70.81 79.01 88.63
16.5 49.41 53.65 58.57 64.94 72.52 80.64 90.20
17.0 51.10 55.28 60.14 66.44 73.94 81.99 91.50
17.5 52.60 56.73 61.54 67.77 75.19 83.17 92.63
18.0 54.03 58.11 62.85 69.01 76.35 84.26 93.65
18.5 55.42 59.46 64.14 70.22 77.47 85.30 94.61
321Regecová et al: Slovak reference values for anthropometric parameters in children and adolescents
www.cmj.hr
Slovakia and in other countries participating in the COSI 
study (27) was higher compared to girls only using WHO 
2007 standards. Such differences were not demonstrated 
when IOTF or nation specific references were used. In 8 out 
of 13 countries, obesity prevalence according to IOTF stan-
dards was even higher in girls. The present study showed 
that this also applied to older age groups.
WHO 2007 standards are derived from data recorded 
about 40 years ago, so they may have become outdated 
due to secular trends and growth acceleration. The con-
temporary school-age children in industrial Europe are by 
3-6 cm taller than WHO standards (10,28-32), which was 
also documented by consistently positive mean height 
z-scores. Taller children systematically showed higher BMI 
values, while shorter children showed lower median BMI 
values (30,32).
According to WHO 2007 definitions of overweight and 
obesity (1), boys under 13 years have BMI lower by 0.8 IU 
than girls of the same age. For example, a 9.5-year-old boy 
with the weight of 38.1 kg and height of 135 cm would be 
classified as obese, but a girl of the same age and height 
weighing 40 kg would be classified as overweight. Likewise, 
a girl weighing 34 kg would be classified as normal, but a 
boy weighing 33.2 kg would be classified as overweight. 
According to the WHO classification, the portion of boys 
up to the age of 13 years who were identified as obese was 
implausibly higher compared with girls of the same age. 
According to Slovak national cut-offs, 12 228 boys and 13 
724 girls were considered obese, while according to WHO 
cut-offs, 24 368 boys (two times more) and 14 841 girls (an 
almost equal number) were considered obese. Such great 
sex differences were not observed when obesity was as-
sessed according to IOTF.
Since girls aged 11-12 years are only slightly taller and 
heavier than boys (12,14,15,28,30,31), the question arises if 
there is a need for stricter BMI limits for prepubertal boys. 
In both 2001 and 2011 surveys, the prevalence of over-
weight, including obesity, in girls started to differ approx-
imately at the age of 13-14 years and lowered with age. 
table 7. Percentile values and z-score of body weight in girls derived from the nationwide anthropometric survey 2001 in slovakia
z-score -1.881 -1.282 -0.674 0 0.674 1.282 1.881
Percentile 3 10 25 50 75 90 97
age (years)
 7.0 17.54 19.03 20.80 23.17 26.09 29.38 33.47
 7.5 18.34 19.94 21.85 24.40 27.57 31.14 35.61
 8.0 19.20 20.93 22.99 25.75 29.19 33.08 37.96
 8.5 20.11 21.97 24.20 27.20 30.94 35.18 40.51
 9.0 21.07 23.09 25.50 28.76 32.83 37.46 43.27
 9.5 22.10 24.29 26.92 30.47 34.90 39.93 46.26
10.0 23.21 25.60 28.47 32.34 37.18 42.65 49.50
10.5 24.45 27.06 30.20 34.42 39.68 45.60 52.97
11.0 25.85 28.70 32.12 36.71 42.39 48.74 56.57
11.5 27.41 30.50 34.19 39.12 45.17 51.88 60.06
12.0 29.16 32.46 36.39 41.59 47.93 54.88 63.26
12.5 31.09 34.56 38.65 44.04 50.55 57.62 66.04
13.0 33.17 36.75 40.93 46.42 52.98 60.05 68.39
13.5 35.31 38.92 43.14 48.63 55.15 62.12 70.30
14.0 37.34 40.95 45.14 50.57 56.97 63.79 71.73
14.5 39.16 42.74 46.87 52.19 58.46 65.08 72.77
15.0 40.71 44.24 48.31 53.53 59.64 66.08 73.52
15.5 41.97 45.45 49.45 54.57 60.54 66.82 74.05
16.0 42.93 46.37 50.32 55.35 61.21 67.35 74.41
16.5 43.64 47.05 50.95 55.92 61.69 67.72 74.65
17.0 44.16 47.54 51.41 56.32 62.03 67.99 74.81
17.5 44.55 47.92 51.76 56.64 62.29 68.19 74.93
18.0 44.89 48.24 52.06 56.90 62.51 68.36 75.04
18.5 45.22 48.55 52.34 57.15 62.72 68.51 75.13
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Girls start quite early with an effort to remain slender and 
are at risk of harming their health with inappropriate diet.
In contrast to IOTF standards (3), Slovak BMI-age curves do 
not pass through the BMI of 30 for obesity at the age of 18, 
as the 97th percentile represents much lower values, espe-
cially in girls. Therefore, they may overestimate the obesity 
prevalence in older age groups. On the other hand, Slovak 
BMI references match IOTF standards for children up to 10 
years, and so they yield similar obesity rates. When apply-
ing IOTF criteria, our results are in good agreement with 
the recent Organisation for Economic Co-operation and 
Development statistics, which show a relatively low preva-
lence of obesity in Slovaks younger than 20 years (16).
obesity prevalence
Previous nationwide anthropometric surveys (4,7-10) 
have shown secular trends in all anthropometric param-
eters, mainly in body height. Toward the end of the 20th 
century, the population was getting slimmer (7). In our 
study, prepubertal and pubertal age groups grew slightly 
during the first decade of the new millennium, but the 
final body height (of the oldest age group) remained the 
same. Slovak girls reached their “adult” body height at 16 
years, which is a trend first revealed in 1991 (7,9). At the 
same time, intensive weight gain was observed, especial-
ly among boys, which markedly increased the overweight 
and obesity proportions. Although overweight and obe-
sity prevalence remain among the lowest in Central and 
Western European countries (16), the steep obesity rise 
is worrisome.
Regardless of its limitations as a measure of adiposity in 
children and adolescents (33-37), BMI is widely accepted as 
the simplest tool to unveil global time population trends 
and detect developmental deviations on an individual lev-
el. These goals can best be achieved using nation-specific 
reference values for the assessment of growth and propor-
tionality of physical characteristics.
table 8. Percentile values and z-score of body mass index in boys derived from the nationwide anthropometric survey 2001 in 
slovakia
z-score -1.881 -1.282 -0.674 0 0.674 1.282 1.881
Percentile 3 10 25 50 75 90 97
age (years)
 7.0 12.83 13.53 14.37 15.49 16.91 18.55 20.69
 7.5 12.88 13.58 14.42 15.56 17.01 18.72 21.01
 8.0 12.95 13.66 14.51 15.67 17.16 18.94 21.39
 8.5 13.05 13.76 14.63 15.81 17.34 19.21 21.82
 9.0 13.17 13.89 14.76 15.97 17.55 19.50 22.29
 9.5 13.29 14.03 14.92 16.15 17.79 19.82 22.77
10.0 13.43 14.18 15.09 16.35 18.03 20.14 23.25
10.5 13.58 14.34 15.27 16.57 18.30 20.47 23.71
11.0 13.75 14.53 15.48 16.80 18.58 20.81 24.15
11.5 13.93 14.73 15.70 17.06 18.87 21.15 24.55
12.0 14.14 14.95 15.95 17.34 19.19 21.51 24.93
12.5 14.36 15.20 16.22 17.64 19.52 21.87 25.30
13.0 14.61 15.47 16.51 17.96 19.87 22.23 25.64
13.5 14.88 15.76 16.83 18.30 20.24 22.61 25.97
14.0 15.16 16.06 17.16 18.66 20.61 22.98 26.29
14.5 15.45 16.38 17.49 19.02 20.98 23.34 26.59
15.0 15.74 16.69 17.83 19.37 21.35 23.70 26.87
15.5 16.04 17.00 18.16 19.72 21.71 24.05 27.15
16.0 16.33 17.31 18.49 20.07 22.06 24.38 27.42
16.5 16.61 17.61 18.80 20.40 22.40 24.70 27.68
17.0 16.88 17.91 19.12 20.73 22.73 25.02 27.93
17.5 17.15 18.19 19.42 21.05 23.05 25.32 28.18
18.0 17.42 18.48 19.72 21.36 23.37 25.62 28.43
18.5 17.68 18.76 20.01 21.67 23.68 25.92 28.68
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In Slovak children, the “obesity epidemics” started ap-
proximately at the beginning of the new millennium, 
which is 15-20 years later than in other industrial and ec-
onomically developed European countries. However, this 
initially slightly rising trend became more abrupt during 
the period 2001-2011, regardless of the references used. 
When obesity started to rise in Slovakia, it plateaued or 
declined in many other European countries (38-43). The 
NAS in 2021 will show whether Slovakia will face a simi-
lar trend. However, the most recent research (26) has 
shown the culmination of obesity rise approximately 6 
years ago.
The strengths of the current study are uniform interna-
tionally accepted methodology and the nationally repre-
sentative samples obtained in both surveys, with relative-
ly high participation rates proportional to the population 
size in all parts of Slovakia (21). However, the study also 
has some limitations. Both surveys recruited voluntary 
participants, meaning that adolescents, especially girls, 
who refused to be measured might have been more 
obese. This could affect not only the overall obesity prev-
alence, which was lower in adolescents than in prepuber-
tal children, but also the cut-off BMI values, which were 
lower than in most of the European countries in girls old-
er than 16 years. Additionally, compulsory education in 
Slovakia ends at the age of 16, so the surveys did not in-
clude older adolescents who did not continue their edu-
cation after that age.
The comparison of long-term obesity prevalence trends 
showed that although obesity prevalence doubled since 
the NAS 2001, it is still lower than in the majority of Eu-
ropean countries. Obesity definition according to WHO 
2007, set at much lower BMI values in boys than in girls, 
may overestimate the prevalence in boys. The revealed dif-
ferences in the growth rate of Slovak children and adoles-
cents justify the creation of a national reference of anthro-
pometric data.
table 9. Percentile values and z-score of body mass index in girls derived from the nationwide anthropometric survey 2001 in 
slovakia
z-score -1.881 -1.282 -0.674 0 0.674 1.282 1.881
Percentile 3 10 25 50 75 90 97
age (years)
 7.0 12.49 13.26 14.16 15.34 16.77 18.34 20.26
 7.5 12.54 13.32 14.23 15.44 16.91 18.54 20.56
 8.0 12.61 13.41 14.34 15.58 17.10 18.81 20.94
 8.5 12.71 13.52 14.48 15.75 17.33 19.12 21.38
 9.0 12.83 13.66 14.64 15.96 17.60 19.47 21.86
 9.5 12.97 13.82 14.83 16.19 17.89 19.85 22.37
10.0 13.12 14.00 15.04 16.45 18.21 20.25 22.90
10.5 13.29 14.19 15.27 16.72 18.56 20.67 23.42
11.0 13.49 14.42 15.53 17.02 18.91 21.10 23.94
11.5 13.71 14.66 15.80 17.34 19.28 21.52 24.42
12.0 13.95 14.93 16.10 17.67 19.65 21.93 24.87
12.5 14.22 15.22 16.41 18.01 20.02 22.32 25.27
13.0 14.51 15.53 16.74 18.36 20.38 22.68 25.63
13.5 14.81 15.84 17.06 18.69 20.72 23.02 25.94
14.0 15.11 16.15 17.38 19.02 21.04 23.33 26.21
14.5 15.41 16.45 17.68 19.32 21.33 23.59 26.42
15.0 15.69 16.73 17.96 19.59 21.58 23.82 26.60
15.5 15.96 17.00 18.22 19.83 21.81 24.01 26.75
16.0 16.20 17.23 18.45 20.05 22.00 24.17 26.86
16.5 16.42 17.45 18.65 20.23 22.16 24.30 26.95
17.0 16.63 17.64 18.83 20.40 22.30 24.41 27.01
17.5 16.82 17.83 19.00 20.55 22.43 24.50 27.06
18.0 17.01 18.00 19.17 20.69 22.54 24.59 27.10
18.5 13.12 13.97 19.33 20.84 22.66 24.67 27.14
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